Feeding habits of the characin Hollandichthys multifasciatus were investigated. Samplings were made between March 2004 and February 2005 in two black water streams of the coastal Atlantic rainforest in southern Brazil. The diet, evaluated by qualitative and quantitative methods, included aquatic and terrestrial insects, decapods, oligochaetes, plants and spiders. Large individuals feed mainly on plants, terrestrial insects, and spiders, whereas small fish feed basically on plants and oligochaetes. The species showed an omnivorous feeding habit, and its diet was composed of autochthonous (mainly oligochaetes) and allochthonous (plants and terrestrial insects) material.
Introduction
The species Hollandichthys multifasciatus (Eigenmann & Norris, 1900) inhabits coastal rivers from northern Rio Grande do Sul State to southern Rio de Janeiro State (Lima et al., 2003) . These drainages belong to the Atlantic rainforest biome, and are inhabited basically by small-sized fish species, which dwell in streams or shallow water of rivers, showing sometimes a high rate of speciation and a high degree of geographic endemism (Castro, 1999) .
Despite the frequent use of the name Hollandichthys multifasciatus for several fishes collected in the Atlantic rainforest drainages in the last few years (Sabino & Castro, 1990; Esteves & Lobón-Cerviá, 2001; Oyakawa et al., 2006) , Bertaco (2003) recently identified a great diversity within the genus Hollandichthys, and restricted the distribution of one species to coastal rivers and islands between rio Jaraguá, Santa Catarina State, and rio Nhundiaquara, Paraná State, in southern Brazil. Unfortunately, H. multifasciatus is still considered the only valid name for the genus (Buckup et al., 2007) and, because of that, it was applied to the species studied here.
Studies on the feeding habits of stream fishes have demonstrated a pronounced dependence on the food resources imported from the forest on the banks of the rivers (Costa et al., 1987; Graciolli et al., 2003 , Abilhoa et al., 2007 , results also recorded for H. multifasciatus (Sabino & Castro, 1990; Esteves & Lobón-Cerviá, 2001 ). In fact, most fish species use food items of allochthonous origin (Lowe-McConnell, 1999) and changes in the riparian vegetation can cause alteration in the feeding habits of freshwater fishes, affecting many links of the trophic chain (Barrela et al., 2000) . Even though alterations in feeding habits can also be conditioned to ontogenetic development (Gerking, 1994) , omnivory seems to be a predominant feeding strategy in small rivers in general (Pringle & Hamazaki, 1998) , since food resources for fishes are mainly supplied by the forest canopy (Esteves & Aranha, 1999) .
Therefore, the aim of this study was to describe the feeding habits of H. multifasciatus collected in Atlantic rainforest streams in São Francisco do Sul, southern Brazil, analyzing the diet composition according to size classes and seasonal variations. This information is important for future projects in the conservation of Atlantic rainforest fish fauna, as the use of resources by these organisms has an influence on population and community interactions.
Material and Methods
The field work was carried out in two black water streams located on the island of São Francisco, State of Santa Catarina, southern Brazil (26º17"S 48º35"W). Investigated streams are close to each other, and considered as second order according to Strahler's (1964) classification. Both streams flow directly into rio Acaraí, which belongs to the coastal drainages of eastern Brazil province (Fig. 1) . The study sites comprise remaining areas of the Coastal Atlantic rainforest, and also cleared areas with floating vegetation and herbaceous riparian vegetation (Fig. 2) . Environmental factors such as pH and water temperature were recorded for each sample site, using a portable pH meter (Hanna). The speed of the water current was measured with a digital flow meter (Geopacks). Rainfall data was provided by Center of Environmental Resources Information and Hydrometeorology of Santa Catarina (Ciram-Epagri).
Twelve study trips were made from March 2004 to February 2005, each one lasting one day. Fishes were caught using a 1.50 x 5.00 m seine net (5 mm mesh), operated three times in each stream (Fig. 2a) . Captured specimens were fixed in the field in 10% formalin solution and brought to the laboratory of the Grupo de Pesquisas em Ictiofauna do Museu de História Natural Capão da Imbuia (MHNCI). Voucher specimens were deposited in the fish collection of the Museu de História Natural Capão da Imbuia (MHNCI 11732). Fishes were collected with authorization from IBAMA, Proc. Nº. 02017.003935/06-26.
All specimens were weighed (g), measured (cm), and dissected. Stomachs were removed and their contents analyzed. For the diet analysis, frequency of occurrence (Hyslop, 1980) and percent composition (Hynes, 1950) of food items were determined for each item, as well as the alimentary index proposed by Kawakami & Vazzoler (1980) . The alimentary index was used to combine the results obtained for each food item by the frequency of occurrence and percent composition methods. The food items were grouped in broad taxonomic or ecological categories according to their origin. Immature aquatic insects (larvae and pupae), adult aquatic insects, decapods, and oligochaetes were considered as autochthonous items. Terrestrial insects, insect fragments, plants and spiders were considered as allochthonous items. The proportion of autochthonous and allochthonous items during the study period was calculated for all individuals using the alimentary feeding index, for the purpose of presenting a general view of the origin of food items.
Graphical analysis proposed by Costello (1990) to assess the proportion of food items in the diet was performed. This method consists of a two-dimensional representation of prey abundance values (e.g., percent contribution or volume) on the y axis and frequency of occurrence on the x axis. A comparative analysis of the diet according to size class was performed in order to check for a possible influence of body size on feeding habitats. Size classes were defined according to the Sturges formulation (Silva & Souza, 1987) . 
Results
Environmental factors (pH, water temperature and water current) showed no variations between the investigated streams (Fig. 3) . The water temperature during the study period ranged from 16. The stomach contents were composed of 23 food items, grouped in eight broad categories according to their ecological characteristics and origin: immature aquatic insects (dipteran larvae/pupae, Odonata nymphs), aquatic insects (Belostomatidae), decapods, oligochaetes, terrestrial insects (Apidae, Formicidae, Vespidae, Cecopidae, Belostomatidae, Hebridae, Notonectidae, Gryllidae, Grylotapidae, Isoptera, Blattidae, Muscidae, and Curculionidae), insect fragments, spiders and plants (fruits, seeds, and fragments). In relation to the origin of the food items, the majority of them were allochthonous (18 food items, 78.3%). Among the autochthonous ones, the most representative were oligochaetes (25.1% of occurrence and 34.5% of abundance) and aquatic insects (7.8% of occurrence and 7.8% of abundance). Plants (40.3% of occurrence and 22.1% of abundance), terrestrial insects (22.5% of occurrence and 16.4% of abundance) and insect fragments (19.3% of occurrence and 13.9% of abundance) were the most important allochthonous food items (Fig. 5) . The proportion of autochthonous and allochthonous items in the diet of H. multifasciatus was different during the period studied (Fig. 6) .
Data on the nine size classes showed that the items terrestrial insects, insect fragments, and plants comprised the diet of almost all individuals. However, only the size classes between 19.2 and 72.6 mm SL fed on oligochaetes (mainly), aquatic insects (immature and adults) and decapods, while terrestrial insects, spiders and plants were the most important food item for the size classes between 72.7 and 99.3 mm SL (Table 1) .
Discussion
Most small-sized Atlantic rainforest characins are omnivorous and insectivorous (Costa, 1987; Sabino & Castro, 1990; Aranha et al., 1998; Vitule et al., 2008) , and in small to mid-order tropical streams, several fish species feed primarily on allochthonous food material, such as terrestrial insects (Costa, 1987; Allan, 1995; Casatti & Castro, 1998; Aranha et al., 1998; Sabino & Zuanon, 1998; Abilhoa et al., 2008) . In the present study, Hollandichthys multifasciatus was found to feed on autochthonous (mainly oligochaetes) and allochthonous (plants and terrestrial insects) material, and its feeding habit can be characterized as omnivorous, due to the high importance of oligochaetes, terrestrial insects and plants in the stomach contents.
Although the proportion of autochthonous and allochthonous food in the diet of H. multifasciatus was different during the study period, no relation between feeding habits and precipitation period was observed, even though the study site is subject to flash floods and consequently greatly variation in abiotic aquatic parameters in the rainy season, like other streams of the Coastal Atlantic rainforest (Vitule et al., 2008) . Allochthonous items showed high frequency during almost all the period studied, except in April and June 2004, and February 2005, which seems to be related to food availability. In fact, terrestrial insects are considered an important food source for fishes in streams lined by forests and riparian vegetation (Lowe-McConnell, 1999) . The consumption and importance of terrestrial food items for H. multifasciatus were also recorded by Sabino & Castro (1990) and Esteves & Lobón-Cerviá (2001) . According to those authors and our personal observations, H. multifasciatus is capable of using resources in mid-water and on the surface of the streams, and the swimming behavior near the surface enables it to capture terrestrial items that fall on the water, indicating surface picking behavior as described for several characin species (Costa, 1987; Casatti & Castro, 1998; Aranha et al., 1998; Sabino & Zuanon, 1998) , by which the fish swims upstream and catches terrestrial items on the water surface (Sazima, 1986) .
Despite the observation that autochthonous and allochthonous food items were present in the diet of almost all individuals, oligochaetes, aquatic insects (immature and adults) and decapods were the main food of smaller length classes (< 63.7 mm SL), while terrestrial insects, spiders and plants were the most important food items for larger individuals (> 72.7 mm SL). Even though few stomachs of larger individuals were analyzed, we believe that these results confirm the fact that ontogenetic variations in feeding habits occur widely among omnivorous Atlantic rainforest stream fishes, observations also made by Vitule & Aranha (2002) , Dufech et al. (2003) , Barreto & Aranha (2006) , Abilhoa et al. (2007) , and Vitule et al. (2008) .
Diet shift related to ontogenetic variations have been the object of broad discussion in the literature (Nikolsky, 1963; Machado-Allison & Garcia, 1986; Winemiller, 1989; Gerking, 1994; Hahn et al., 2000) . According to Lowe-McConnell (1999) , in tropical environments, the majority of fish species show broad flexibility in feeding habits, which seems to be related to morphological (e.g., mouth gap) and behavioral (e.g., locomotion ability) changes during development (Wooton, 1999) .
Despite the fact that this study represents a short-term survey of feeding habits and diet, the relevance of some food items to the natural diet of H. multifasciatus, especially terrestrial insects and plants, highlights the importance of marginal forest of Atlantic rainforest biome to the feeding habits of stream fishes. 
